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c f0 ) 1/2 m^mi bztm<v%>mmfc**v 0 
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[0 0 0 2] 

mi i wu t3£*o*<>— jftwtzfflv^n-c^s i t i cioMtt^*';^ 

^WfcEIi&III-e* D . HI 2 (2. II 1 1 KttJ£-f£»f®«3amT-ab&o HI 1 1 is 
i:f>ll 2 4r#JSLr, i<?5^*0#jt-Cii, ¥i*#ai« 1 0 1 0^®±0^f56 
ISttK^^flMSttl 0 2j&*BJEfc$*L-Cv>* 0 fTf^BIHRitl 02(:ioTli 
tt^lt^-fiM^KJi, #r5e<£> WHS £ PUTT. V-^«l 0 3 £ efc K W > 
flit 1 0 4^fi£$*iTV>& 0 V-Xflitl 0 3 t KW 1 0 4 fcOWJC 

^e-r^»-f-^^;HIJt±^(i, httiiJRl 0 5*^LT> 7-KH (WL) 

h mm 1 o 6 $ tt-c v> & 0 k w >mm 104c a, if ? 
vm. (bl) 11 3^m^etic^ic$tL-cv^o 

[0 0 0 33 

tfz, V-M¥M 1 0 3 K(±, ^7^Iil0 8*^Lt, TSB«« 1 0 9 ^ 
It (PL) ^ftt^>±g|5fil 1 l^M^^tv^o ClOTSU««l 0 9. 

$ii§m«ii i ot$±Tf±Mmm \ 1 naotsiit^^y^ 1 1 2tm 
j&ztix^Zo ttz, v-xmmi o 3&xu r Kw 1 o 4 

IW 105t, h *S 1 0 6 t X o h7>vX^107 $ tit 
1r& 0 £ Hi 1 1 iZTp-tX n K % loco^t'J-b^l 0 0i±, looh7>y 

^no7^ 1 1 1 2 laoTii^titi^o - 
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[0 0 0 4] 

it:, fi£*> 1 o^M^eu -b;U£ 1 oo5ftSt*#^r^^<v^«>*»cJ:orfl|Jfi 
^<7)#^-v h y * xllco?£t§ *fM * 'J <7>®g&®-e& «9 , 0 1 4 li> HI 1 3 iz 

MfcLtzwmm-v$>z>o m 1 3& x tm 1 4 £#bb lt, t«<7>jjt.M^ mj * * 
^M^^m^M^-ct^ try Ma (bl) 20 s&if KfWfi 2 0 2** 

tfM£*LTv>& 0 -e-LT, -€-<7)$&l§«MI2 0 2±K, tf-y h$|2 0 1 .h^cMI" 
&yVf&]K> 7- K«ft (WL) 2 0 3 7& ? f^$tLTV^ 0 ^otT-y 2 0 1 t& 

m n#m 2 0 2 1 7 - 2 0 3 1 iz x o t, 5i£s§m#:* 2 1 0 ^hus 

£*iTV>& 0 ;wf|£7 h 'J 7 ^XloMt^^'JTIi, 11 1 3 iZTjk-TX 7 
loo^^'J^r^2 0 lo^iWtA , y^2 1 O^Ciot 

[0 0 0 53 
[0 0 0 63 

MFIS-FET (Metal Ferroelectric Insulat 
or Semiconductor — Field Effect Transi 

stor:ii - mmfc ■ &mfc • ¥*flc-miM»* h9>^^) , i 

, MFMIS-FET (Metal Ferroelectric Metal 
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Insulator Semiconductor— Field Effec 
t Transistor: ^JR- • &JR • • ^a»-»:-*#S»* 

[0 0 0 7] 

11 5li, WMFM I S-FET^^^'J-b^tL^l (F 

et) m<D&mmt**v$:7FLti®&mx'$>t), mi 6 it. mi stcwjc&t-* 

Wfl5fl|jilll"C**o Ell 5 *3 <t CKia 1 6 5r#MLT, C<7) F E TMO&gimfM 

■=e';-ei±, ###£«3 o i©ifflc)x^«3 o 2 *itv>& 0 -et 

t, £0*.*;i/fc«3 0 2 O^BIC, ^f5E<7)KRS*fiS"Cr, V-xil|3 0 3^ 
J:^ >«c3 0 4 75» ? ffM$nrv^ 0 y-*«i*3 0 Sfcitf KW >fl 
J3t3 0 4 WK&fi1-£^*;i/^l*±K{i % Fill3 0 5£^LT, 
Mf 3 0 6«$iitv^ 0 
[0 0 0 8] 

f-M!3 0 6±t:ii, ?M#:I3 0 7 ^Lt, 7- Kifc (WL) 3 0 
8^M^titv^ 0 KP^>fIit3 0 4 Cli, fcf y HJl (B L) 3 1 0 # ? mjfC 
WCgS^tv^o v-^fli^3 0 3 Kli, rv-H (PL) 3 1 1 
£*ITV>& 0 ^x^3 0 2 Pi, y-^|£ (SL) 3 1 2t$^M$*iTV^ 
o h m« 3 0 6, SftSt 3 0 7 £ «fc ^ 7 - K«l 3 0 8 iZX o H7 

>y^^I«»t^->^ 3 1 575 s t#^$tLTv^ 0 y-*fc#3 
0 3 is <fc V K W 3 0 4 t, h ft&BE 3 0 5 t h W& 3 0 6 t 

tCioT, h7>yX^ 3 0 9«?^tv^ o ^(Di^ 1 o<7)^^ij-b;w 
3 0 0li, 1 O(0 h 7 > y 7 ^ 3 0 9 h |5±C, +Ay * 3 1 

5 rt ? ffM $ fitz mm. z m-t * o 

[0 0 0 9] 

[00103 

mwxm 1 3 
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fipffl 2002-251877 

lx o t.-$~z> mm] 

LfrLtetfh, ±.tmWFJMl KM^SftfcF ETl<7)5$ii^ "CKJU 
IB«$*iTv»*t'-* TOJ ±tz\tT-9 TlJ Ol»**tt*tiii-|^Ofl|^*fi[ 

v^v» 0 Z.<Dtz#>. T-9 TOJ *tz\±7*-9 TlJ off fR^^m"^^^ 

[ooii] 
[00123 

£ £ K J: 19 t*- * OMSE^tfi L & & O & - £ ^"TfifcfcJfrWl 

[0 0 133 

* & m%mmm c f 0 fc «t & c f i * m - t ^ ? m i % mm m«i t , si * 
vttrzoizi&j&ztLtimi x tin 2is^ft^» tmrnfe* * -> * £ 

[0 0 143 

C f0 <C 2 ^l/ / 2x I (Cfi-Cfo) Vr/V S - (Cfi+Cfo) I 
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[0 0 15] 

*fltC 2 l±, C 2 = (CfiXCfo) 1/2 -e&&o iO«t.-9^fl|jR-t*Ltf 

[0 0 16] 

[0 0 17] 
[0 0 18] 

IH-^^lpJtcM^^ J: 9 tc^$tL^H 1 «M£ £ 2 «}1 <h , ijl 1 mM&i 

xfm 2 iiw n uses $ n f-si if mwm t a* <b * a si mmvf* k j: o a* 
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[0 0 1 9] 

±.tmmmfcmizmuzii&ni±mmmfam&frmK&ir&mj±£ *> 
- * <dwm&> m l & * co £ wj -r & - 1 § & 0 

[0 0 2 0] 
[0 0 2 1 3 

i nmm) 

m 1 u\ *mM<vm i mm^Bjz * a h »; ? * ^Mos&fmfM 
mxhho 

[0 0 2 23 

if, in i «t#m lt\ ^ i h -7 txmomm®-* * v 

<r>-£$mmz'o^xmmirz> 0 1 itf ii: i ^?ritfr^ * >j * 

€';-b^7l/^f 5 Ofi, M^^^'J-tiH^vh y*;* )ft ICSES $*iTfllj£ 
-WL 2 tc^^$tt > 2 Olfc^j^ti, b"7hBL 0 -B 
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[0 0 2 3] 

#7-FHWLo-WL 2 li, n ^t-^-^3 H:8*$*irv>-5 0 #lf 
y M&B L 0 ~B L2«i^ *7Afn-/3 2 ^gi^£ftT^& 0 
[0 0 2 4] 

W^^^^tt^n^r Kl/^^i^ 7 AT Kl^fi, T Kk^ fef> 3 3 

l^xo^^ n^TK^Ii, 7KI/7A'-;773 5^UD^f3-y3 1 

2-\$Eii^tL^o 
[0 0 2 5] 

D 9fn-y3 1 fi, #7-KlWLo-WL 2 OH, 7KU777f 3 4T* 
[0 0 2 6] 

*7Af3-/3 2 fi x #lf y MfcB L 0 -BL2<O^ T FU^7 y ^ 3 4 
[0 0 2 7] 

illlfjgtli, D7fn-^3 1li, 7~-*Of^ffiLBfK7- 
mWL 0 -WL 2 i:i*ai L«ffiVR*eniiPi-*^:i6^>9E*ffiL«JBEeiiPlElK4 

1 s:^-c^* 0 io0E*mL*BEffiSDiHiK4 it±, *§twe> m^m L1I±V 

[0 0 2 8] 

r-*- * fcf > 3 6 frhXt)'* 777 3 7^LT*7Afn-^3 2 ^fg$£ £ 

o ^7Af*3-/3 2 fi, #b*y MIBLo~BL2^tfi^, f<7)f*-^« 
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[0 0 2 9] 

\£y hiBLo~BL2^t>*5^7'3-^3 2 £^ LT-b T > "7° 3 8 — 
Zti&o -t>XT>zf3 8 lAWE-fc^* 7 •b>X7>7'3 8 

7r39 kf> 3 6 ^^LTTO^tb7J$tL^> 0 

[0 0 3 03 

±ffit (3 1-3 9. 4 1) co^ti, $IJ$P ^ 4 0 iZX 

[0 0 3 13 

- Kf£W L^iV'lfyHBL^ 7 - KSIW L is J: if y HBLCio 
[0 0 3 23 

02 K^Lfcy- KAomfifi, If -y hUB Ltc^ti^mfiVB (V B o> V B i 
[0 0 3 33 
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fe* /■? v * H x - * r 0 J ^fS'lt $ *ifc*&£-tf> tf y h M#fi<^flTf L 0 "C 

L0aT'*S, S £ , Si£ If * > < v * K x*- * |" 1 J /$ ? f B'H $ fcJft 
if y h «|#*o^iKf«l55 s L 1 "Cab > L 1 »7 - K*ftW L K 

[0 0 3 4] 

oj ru tcistta«#*Qo^b^^^i-m^:#*^, *rti*rti 

, Cfo^ct^Cfi (Cfi>Cfo) tn Q ife, r*-* r o j tozifT-* u 

y- ka rati* try h^*fiv B ^> -e^-rtu VBo^^VBit-t-So 

IfyMlBLOlti (Vbi-Vbo) ^i<n-t^ i^fflllE 

iSOfeT y h^«fiV B 0^«t^-^ TlJ ^m#$nTu^i#^-<7)f%^ttl LB#<7) 
b*7 h«MS&V B i«\ Zrti^ti, VXT<o3: (1) (2) Ciot^fi 

[0 0 3 5] 

VBO=Cfo/ (C f0 +C B ) XV R • • • (1) 

V B l=Cfi/ (Cfi+Cfi) XVr • . • (2) 

±ifi5S (i) iSct^ (2) -r-^ roj tr*-* ru tmwztix 

^zik&Wy Ym.KE.ti2>n&& (Vbi-Vbo) vxt<d$: (3) ciot 

[0 0 3 6] 

VBl-VB0=Cfi/ (Cfi+Cfi) XVR-Cfo/ (C f0 +C B ) x Vr 

= 11/ (1 +06/011) +1/ (1+C B /Cf 0 ) f x Vr 
= I (CB/Cfo-Cfi/Cfi) / (1 +C B /Cfi) • (1+C B / 
Cfi) I XVr • • • (3) 
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^CT% C B /Cfo=X, Cfo/Cfi = Kfci3< fc, KX = C B /Cfi<!:& 19, 

d*i<b£±fS:£ (3) uttA-t&t, jjjltosS (4) TWbft&o 

[0 0 3 7] 

VB1- V B0= ( 1 - K) • X/ (KX2+ ( 1 + K) X + 1 ) X V R 

= (1-K) / (KX+1/X+ (1+K) ) XVr • • • (4) 

---c, mim-^mm^<om%^ , ±ie^ (4) $><dkx + i/x« 
mfriz<D\,*xmm-tz>t. &rr<o& (5) m%htih 0 

[0 0 3 8] 

(KX+l/X) /2£ (KX • 1/X) l/2=Kl/2 

KX+1/X^2 Kl/2 • • • (5) 

JiBfijt (5) £_tffi:£ (4) <DKX + l/X<DfrmUfr^KX-r2>£, &T<?> 
5£ (6) i)mhin2>o 
[0 0 3 9] 

Vbi-Vbo^ I (1-K) / (2KV2+1+K) I XVr 

^ I (1-K) / (l+Kl/2) 2| XVr • • • (6) 

±3B5£ (6) "Cli, KX+l/XWira^^t, fflW^^ffl*^ 

ora^srjiffl-r* <t> ^fe-^«^^SE-^^^oTv^ 0 ^ (6) 

*£"eab»K oti^f^t^i:, X=l/Kl/2n&& 0 ±IELfcX = 

C B /Cfo> K = Cfo/Cfitf>M#£#A"t&^ CB/Cfo=l/ (Cfo/Cfi 
) 1/2^^0, Mj2KCfo*#&t&^ C B = (Cfo-Cfi) VZtimbtiZo L 
fcj&*ot\ (6) ^istt&^ti, C B = (Cfo- Cfi) l/2tf>B#i::j£»)&o 0 
.1<7)P^J;*K VBi-VB0^ftAflt(i. 5* (6) tc, K = Cf<)/Cfi£J*A-t* 
fcttt, (Cfo-Cfi) 1 /2=C B ^MfflL7t:^TO^: (7) K£oT#ibft& 

o 

[0 0 4 0] 

V B 1-Vbo= (1-Cfo/Cfi) / 12 (Cfo/Cfi) 1/2+ 1 +C f0 /Cfil 
XVr 

= (Cfi-Cfo) / lC fl +Cfo+2 (Cfo-Cfi) !/2| XVr 
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= (Cfi-Cfo) / (C fl +Cfo+2 C B ) XV R • • • (7) 

J If y mmftOffijiS (Vbi-Vbo) *li^fctfcfflLT«*tbL-* , ---y 

>*ffl**7t*JC»±, _LSB5S (7) JJJITOjS (8) Sr«|fc1-^R***4o 

[0 0 4 1 ] 

Vb1-V B 0= (Cfi-Cfo) / (C f i+C f0 +2C B ) XVr^Vs 

• • • (8) 

±!E5£ (8) MtfiCB^'M^ifWJ^TO^ (9) Cio 

[0 0 4 2] 

Cb^1/2X I (Cfi-Cfo) V R /V S - (Cfi+Cfo) I • • • (9) 
itz^ C B = (Cfo-Cfi) !/ 2 i:> Cfi>Cfbi:OB8#^e>, t'7hMiC 

B (i> jsjlto^: (i o) fcfl»je.i-*#3?j& , *<&o 

[0 0 4 3] 

C B >Cf 0 • • • (10) 

L/^ot, ^ (9) iSctO^ (10) frh, 7- KAJCS?jRStL-6^ffi#ii: 
(-b>^T>-7°3 8) "Cf-? r 0 J fc-y-* r 1 J O^OfflilfclllSfca* 
m-t-fcfcKti, tfy MIS1C B ^> ^T^S (11) «r»fei-«t -9 U»SE1-* 

[0 0 4 4] 

Cfo<C B ^iy2X | (Cfi+Cfo) Vr/V S - (Cfi+Cfo) I 

• • • (11) 

>XK, _tfE:& (11) Sr*fe-t*#-CHKL^:jft*Hov>-CJJJLTtcSiWi-*o 
5£l§W#:Jgl£ LT. 14(:^tt^f l JyX#^ttl,SBTl (SrBi 2 
Ta20 9 M) ^fflv^jf f 'j 7 ^^lO§rillf ^ ^ 'J t*-* T 

0J O^fcr'-* nj Of^tC, Bl 5 K3rrj9E*fcB L*JE (V R =1. 8 
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[0 0 4 5] 

Ztl*rtL, 2 0 fF, 83f FiJiO f 4 0f FfcLJto ifc, tfyh«lBLtC« 
iR$*t*«ttfJ^g (-fe>^T>-7°3 8) 0^tM#mmV S fi> 1 0 OmVfSS 
tLfCo Ztibl±\,*-ftii>jg: (11) SrSt^rLTV^o EI 6 iZTji-fX o K„ -r- 
* 1 ^tf-^ 0 fctf) If y hUmffiVB^M (Vbi-Vbo) (Vb 

1-Vbo) =*&6 1 0mVT*l}. IfemRI^WJEVs (1 0 OmVSJS) J: ^ & + 
^^v^HWo Z<Dtztb, JifB^ (11) 0£#*8tfc1-J:? Hfcf ? h 
£&#SC B £Ix^-r*Ui\ T-- * r 0 J fcr*-* rij tf>ffiil£ 

[0 0 4 6] 

)B£(ceptjn£*t&mj± (Vr-Vbi) w\ fto. 6Vt*^ *SRet*tffi-e 

**Jft«JE GB0. 9 V) J: *9 < fcoTv>* 0 £<£>*&£\ SfefimfW 7 )^ 

roj tn>m&&±<vmmiWtoLTi>frmRmmt>%^o 

[0 0 4 73 

H 1 IlIiTIi, ±U<DXiK, \£y Mt§fC B ^> ±f (11) i 

mfz-fxdizmfc-fzztizxox, r-9 ru «^f-? roj 
* co * n mm -t & z\ t t&s-c § -a o 

[0 0 4 83 

ttz, ±umimmfmxit> t-9 roj sr««FLrv^»^o5fi»*#^ 

B^MCfi, is XX/, tf htMCB*, HfWC, Cb= (CfiXCfo) 17 
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[0 0 4 9] 

«J± (Vr-Vbi) ^^ISfsi-^mffi (t/tmJE) WTt:^^i^:tSt^; 
[0 0 5 0] 

, ; o-r- LWjftZnWI- &fz»b<7) * * l ) J k^<D^m®$&MX~&2> 0 HI 7 

*5 J: tfig 8 &#J&LT, i^2IMlt1i, *f&9i£ 1 T 1 CM03£Stm#: 

[0 0 5 1 ] 

aao^*'j-t^i 1 7& j v h 'j y ^x^tcsee^n-rfs^^tirv^ (a 7 -en 

o«$ntv^o sfiR*#^^^'>^ 1 2<7)-^^«^ (i i is) -7° 
ma) ti. yf>^i5m^ i 3<7)v-*/kw >^<7>— -ftizmim 

^rfi, If'y hlBLo-BL 2 t:St?^tv^ 0 X-f y s 9' h 9 > ¥7. 9 1 3 
<DV- hmWts V- Kj^WLo~WL2^^M$tLTV^ 0 n^f'n-^ 
3 UCWU ■TU'- hii&P Lq~P L2^fR*tHL*JEVR*QJttI-r*/iJ60K^ai 

L«/±en*nnii^4 i a ^r*i^$tL-cv^ 0 mfrmLwrnttimmm* i a t± 
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[0 0 5 2] 

HI 7 {Z7r:Ltzm2mmMWJ- <fc<i>5£^m^M 'J ^ 'J -fe;i/ 1 l K£v>T> 
r-9W.fr& LB#tc > 7- KtWL 0 -WL 2 ^^^ l^;WC LTX-f y?->r Y 

cD^V-t;H lTii, [17 ^L£f%^(±i Lm/±£p#n[IJj&4 lata (9-7°^- 

mm. f^SBL ( y — kb) <Dmi.<7>tm (v B i-v B o) iEt>^7 

>7°T-&&-b>XT>-7°3 8 iZX mkZa-f&o ZtHzXt)^ 9 mx&& £ tL 
[0 0 5 31 

<dt- 9m&&Lm<vmm®mit, m2 iz^Ltzm 1 mmnm^m^ tmm^$> 

ho L/;^ot, i<7)f 2tlili:i3^t^ (11) U 

fmiz£Z> 1 T 1 CH<o3jgl£m#^ , HC;io^T^ ^RifS^fr&^-e, II! 
^ m L "7 - v y £ jft £ c £ ^ -c £ Z> o 
[0 0 5 4] 

(si3»mo 

7f;Lfz®mm~c&t) , mioti. i9 \z7r^tz^3mmnm\z^^mnw^^ 

'j <Dr-9Wt&\& LP^O^fiEdlJ^ElT^^o HI 9 £ «fc OTII 1 0 £#HSLT, CO 
[0 0 5 5] 

-0^3^M^ls^<t^FETMO?^lf«#y^';-e(i, y^'j-tr;UTP^7 
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Hi, loof7>yX^ (FET) 2 3 <h , Z<D h 7 >v7^ 2 3^- hgK 

£ jt, immfa* * /<y ^22 o^om^i (n 2 is) (±, h 9 > ? 2 3 

*t<7)— TTfi, tfy HUB L 0 ~B L2^$c£*lT& 0 , V K V j >ff*£0 
i&m*. -fV~ HHP Lo~P L 2 ^^M^tLTV^ 0 h7>y^^23« 

[0 0 5 6] 

--"C\ m3mMfim-?te. n^f3-^3 1C, 7 - FiWL 0 -WL 2 i:i 

&^lxJ fllT^^o tf y h^B Lq~B L2^{±, *7Afn-^3 2 

SrihLT, SyrL-t>^T>-7 0 T^-?)-b>^T>y3 8 a^^$tLTv>^, 0 3<D 

J&ii, Ell ^L3t*l^J6^3K<^#«fc|BI*T**o 
[0 0 5 73 

tH 9 L7t£ 3 %ffl&&<n F E TI<7)5$il#^ -=E 'J * 'J -fc;wc£^-t 

> T-'-^iTc^tu Ln<r>^mm^m\t. ii o^tiM:^^o mi ok^-c 

> Ci(±, M I S h 7 > y ^ ^ 2 3 O^- f llOl^gi Ltv^o 

, y-'- MS(Ol^iCi(i, #f§9!<7> \m 2 *ffiUi3»t4*^*C2J 

I S h 7>y^^ 2 3 \zmfo&mfM-h^ik-fZ><nX\ ^0«Sttffi**aE-b 
7>7°t*^-b>7;7y7°3 8 a j:J:ota*HJto 
[0 0 5 83 

>r--e> 0 i o tc^i-«t ^ tc, ^3ll»^m:^FETM(7)?^if*#^ J E , ; 
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